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Abstract
According to a conjecture recently put forward in [1], the scalar potential V of any
consistent theory of quantum gravity satisfies a bound |∇V |/V ≥ O(1). This for-
bids dS solutions and supports quintessence models of cosmic acceleration. Here we
point out that in the simplest models incorporating the Standard Model in addition
to quintessence, with the two sectors decoupled as suggested by observations, the pro-
posed bound is violated by 50 orders of magnitude. However, a very specific coupling
between quintessence and just the Higgs sector may still be allowed and consistent with
the conjecture.
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1 Introduction
Compactifications of superstring or M-theory to 4d Minkowski or AdS space are well
understood and have led to the idea that string theory gives rise to a gigantic landscape
of possible 4d low energy effective theories [2–11]. However, classical no-go theorems
such as [12] indicate that realizing de Sitter vacua in string theory requires quantum
and/or stringy ingredients. The fact that corrections to classical 10d low energy su-
pergravity are qualitatively important implies that dS compactifications, in contrast
to AdS or Minkowski compactifictions, must live in a regime in which these corrections
cannot be made arbitrarily small [13], hence perturbation theory cannot be made ar-
bitrarily accurate. Moreover the absence of supersymmetry in dS, and perhaps more
fundamentally the lack of a complete, nonperturbative formulation of string theory,
make it hard to obtain exact results beyond perturbation theory. Thus a completely
rigorous, parametrically controlled construction of individual de Sitter vacua in string
theory has remained out of reach. On the other hand, starting with [6], much progress
has been made over the past 15 years in developing models containing all the ingre-
dients needed to produce effective potentials generic enough to support an abundance
of dS vacua, barring extraordinary conspiracies that would somehow eliminate all of
those.1
It is nevertheless interesting to entertain the possibility that what looks like an
extraordinary conspiracy from a low energy effective field theory point of view might
in fact be the consequence of a simple fundamental property of quantum gravity. Along
these lines, the authors of [1] have put forward the audacious conjecture that the low
energy effective scalar potential V in any consistent theory of quantum gravity must
satisfy
|∇V |
V
≥ c , c ∼ O(1) . (1)
Here |∇V | is the norm of the gradient of V on the scalar manifold, c is a constant of
order unity, and the reduced Planck mass has been set to MP = 1. This has been
further studied and scrutinized in [22,33–40].
The bound in equation (1) implies in particular the absence of metastable de Sitter
vacua, but is much stronger than that. Note in particular that it could be falsified
by finding any positive-V critical point, even if it is just a local maximum or saddle
point. At first glance it seems that such critical points were constructed in e.g. [41–43]
in a class of models that was actually used to motivate the dS swampland conjecture
of [1]. However, as was shown in [43], imposing proper flux quantization in the simplest
example forces these dS critical points to be at small volume and large string coupling.
While it would be interesting to establish the existence of such a positive-energy
hilltop potential in string theory, we want to take a bottom-up approach in this note.
Our starting point is the trivial observation that the Standard Model Higgs potential
provides such a maximum at zero Higgs VEV. Coupling to other fields such as a
quintessence scalar may reinstate a nonvanishing |∇V | at this point. However, tight
observational bounds constrain the interaction of extra light fields with the Standard
Model. In the simplest decoupled quintessence + Higgs model, we find |∇V |/V ∼
1See for example [14–21] for a sample of papers from just the first three years, [22–28] for a sample of
papers from just the last three years, and [29–31] for many more references. See [32] for an overview of
conspiracies rendering constructions of dS vacua more challenging than one might naively expect.
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10−55, in considerable tension with the assertion that c in equation (1) is of order unity.
A special coupling of the quintessence field to only the Higgs may restore c ∼ O(1),
although this appears unnatural, at least from a 4d effective field theory point of view.
More work is required to determine whether this indicates a fatal flaw or a powerful
prediction of equation (1), as we outline in the discussion section.
2 The Higgs potential and Quintessence
Concretely, the perturbative Standard Model Higgs potential
VH = λH(|H|2 − v2)2 (2)
has an (SU(2)-symmetric) maximum at H = 0. The height difference ∆VH between
the minimum and this maximum is
∆VH = λHv
4 ∼ m2Hv2 ∼ (125 GeV)2(250 GeV)2 ∼ 10−65M4P . (3)
Now, as advocated in [1, 33], let us ascribe the present cosmic acceleration to a
rolling quintessence scalar [44–46] rather than to a cosmological constant (the latter
being inconsistent with equation (1)). This in principle allows one to avoid c  1.
Concretely, it was argued in [33] that current observational constraints on dark energy
only require c . .6, consistent with the proposed swampland criterion, and that the
least constrained model is of the form
VQ(φ) = V0 e
−λφ . (4)
Hence, λ . 0.6 and |∇VQ|today = λVQ(φtoday) ∼ 10−120 in Planck units. The property
|∇VQ| ∼ VQ ∼ 10−120 is a generic feature of quintessence models for the currently
observed cosmic acceleration.
Now, combining this additively with the Higgs potential,
V = VQ(φ) + VH(H) , (5)
we have an EFT description of our world which should obey the conjecture in equation
(1) at any point of its field space. However, at the present value of φ and H = 0, we
have
|∇V |
V
' |∇VQ|today
∆VH
∼ 10
−120
10−65
∼ 10−55 (6)
in Planck units, evidently in serious tension with the conjecture.
One could try to avoid the problem by giving a large gradient to the symmetric
point of the Standard Model Higgs potential. As is well known, and as was emphasized
also in section 3 of [33] and earlier in [47], the quintessence field cannot be substantially
coupled to visible matter, in order to be consistent with the observed absence of time
variation of Standard Model parameters such as the fine-structure constant, and with
tests of the equivalence principle, i.e. the absence of a fifth force. Nevertheless, certain
appropriately chosen but from an EFT point of view extremely fine-tuned combinations
of couplings to just the Higgs, but not to other Standard Model fields, may restore
equation (1). A particularly simple possibility is
V (φ,H) = e−λφ (VH(H) + Λ) , (7)
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where φtoday = 0 and Λ corresponds to today’s dark energy density. This Lagrangian
induces a trilinear coupling between the quintessence scalar φ and the physical Higgs
field h (schematically, H = v + h):
L ⊃ φh2 v
2
MP
, (8)
where we have reinstated the Planck mass explicitly for convenience of the phenomeno-
logical discussion.
The quintessence field necessarily has a tiny effective mass m . H0 ∼ 10−33 eV
[48]. Tight upper bounds exist on the coupling of such light scalars to the Standard
Model, from a variety of observations. We will focus here on high-precision tests of the
equivalence principle, summarized in [49]. For Yukawa interactions of the form
LYuk = g φNN , (9)
where N is a nucleon field, g is the dimensionless Yukawa coupling, and φ is a scalar
with mass m < 10−13 eV, the bound reported in [49] is
g < 10−24 . (10)
In the model under consideration, we have declared the quintessence field φ to be
exactly decoupled from all fundamental Standard Model fields except the Higgs. How-
ever the coupling in equation (8) will still induce an effective coupling of the form
in equation (9) through loop diagrams. Most naively, one needs a Higgs loop and
two-light-quark Yukawas to induce a coupling φNN with two nucleons. This coupling
will be suppressed at least by the factor v2/MP from equation (8) and, additionally,
by two light-quark Yukawas y2d ∼ 10−10 as well as the nucleon-mass/Higgs-mass ratio
∼ mp/v2. The mass dimension −1 of this factor follows from dimensional analysis.
The appearance of (at least one power of) a soft scale in the numerator is required
since, without quark momenta or gluon vertices, the relevant diagram simply gives
zero. Thus, in total we expect
L ⊃ Y φNN with Y . mpy
2
d
MP
1
16pi2
∼ 10−30 . (11)
Alternatively, and perhaps more importantly, one can attach the two Higgs lines to a
Z boson line and then connect the latter to a quark line. This is a two-loop loop dia-
gram in which one must furthermore use a light-quark mass in the fermion propagator
between the two Z vertices. This is necessary to introduce a sensitivity to the type of
light quark, such that an equivalence-principle-violating effect results. Thus, one now
has only one Yukawa, at the price of an additional electroweak loop suppression factor
g4/(16pi2) ∼ 10−3:
L ⊃ Y ′ φNN with Y ′ . mpyd
MP
g4
(16pi2)2
∼ 10−28 . (12)
Both estimates in equations (11) and (12) are well below the bound in equation (10).
Thus we conclude that tests of the equivalence principle cannot at present exclude
the specific quintessence model under consideration. Of course this model, or variants
thereof, will have to satisfy many additional consistency checks, like for example from
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reheating. It would be interesting to find out whether one can exclude the above model
based on additional observational constraints.
The crucial assumption in the setup above is that the quintessence field is coupled
to the Higgs exactly as in equation (7), and decoupled from all other Standard Model
fields. Clearly this is highly fine-tuned from a pure 4d effective field theory point
of view. Indeed, even disregarding the decoupling from all other fields, we have in
equation (7) demanded an identical coupling of the quintessence scalar to the quartic
Higgs term, to the Higgs mass term and to the constant ∼ v4, which in general all
renormalize independently. Without this identical coupling, we would have obtained a
dependence of the Higgs VEV on φ, a mixing of φ with the Standard Model Higgs, and
stronger bounds (in particular from the induced cosmological evolution of the Higgs
VEV). This situation is similar to that of an extra, super-light Higgs mixing with the
Standard Higgs [50]. There, the mixing parameter between the super-light and the
Standard Model Higgs was constrained to be below 10−21.
On the other hand, in a string theory context, couplings like the one in equation
(7) may be more natural. Indeed the canonically normalized dilaton has such universal
exponential couplings, as do various other scalars arising in string compactifications.
However in general these scalars couple similarly to fermions, making it difficult to
imagine how the coupling (7) could naturally arise in this way while at the same time
keeping the couplings of φ to the Standard Model fermions sufficiently suppressed to
ensure the observational bound (10).
Of course the swampland conjectures do not necessarily require the low energy
effective field theory of the real world to satisfy any of our preconceived notions of
naturalness, and it is possible that models looking tuned or contrived from an EFT
point of view somehow naturally emerge from string theory or other consistent theories
of quantum gravity. A thorough analysis of explicit string theory constructions would
be needed to be conclusive either way. We leave this to future work.
Finally, there are certainly other ways of how on could try to remove the maximum
in the Standard Model Higgs potential. For example, one might think that any modulus
χ, which is in its minimum in the Standard Model broken phase, will not in general be
in its minimum in the symmetric phase, naturally providing a gradient. However, for
sufficiently strongly stabilized moduli a slightly changed new minimum corresponding
to the symmetric phase will exist, again providing a problematic |∇V | = 0 locus. If χ is
not sufficiently strongly stabilized, building such a model still involves major challenges.
Indeed, replace VH(H) in equation (5) by VH(H,χ) and assume that VH(v, χ) has a
local minimum with value zero at χ = χ0. Furthermore, consider the Higgs potential
in the symmetric phase, VH(H = 0, χ), viewed as a function of χ alone. If the latter
has a critical point above zero or asymptotes to a positive value, the conjecture will
be violated. If it takes a negative value, one also encounters a problem: Indeed, one
then has trajectories in (H,χ)-field space connecting todays vacuum, (H = v, χ = χ0),
with a point (H = 0, χ = χ1), where VH(H = 0, χ1) < 0. The lowest of these
trajectories has a saddle at positive potential, violating the conjecture. It is possible to
avoid this problem by having VH(v, χ0) < 0 (the order-of-magnitude should however
not exceed that of today’s dark energy density). In this case the whole trajectory
must be very flat – also a potentially difficult situation. Finally, the (H,χ)-field space
may have boundaries at finite distance and finite value of VH , avoiding the problems
described above. It remains to be seen whether such loopholes arise in actual string
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compactification scenarios compatible with known constraints on physics beyond the
Standard Model. Again, we leave this to future work.
3 Discussion
We pointed out that the recently proposed dS swampland conjecture in equation (1)
is violated by the Standard Model supplemented with a decoupled quintessence scalar.
Our analysis left open the possibility that coupling the quintessence scalar to the Higgs
as in equation (7), while suppressing couplings to all other Standard Model fields so
as to ensure equation (10), is compatible both with equation (1) and with the absence
of detectable long-range scalar forces. However this appears extremely fine-tuned, at
least from an effective field theory point of view.
Although we did not study this here, similar arguments can presumably be made
in the QCD sector of the Standard Model, to which the bounds on long-range scalar
forces apply more directly. Indeed, the perturbative QCD vacuum has a higher energy
than the confined phase with chiral symmetry breaking in which we live. Naturally,
one would assume that an effective description with a tachyonic composite degree of
freedom exists and that, starting in the perturbative QCD vacuum, the condensation
of this degree of freedom would take us to the phase with broken chiral symmetry.
The change in the potential energy is ∼ Λ4QCD, which is smaller by roughly 12 orders
of magnitude compared to λHv
4 in the Higgs case. This is of course still sufficient to
exclude a c of order unity. It would be interesting to explore this further.
A natural question is whether the decoupled Higgs + quintessence model is consis-
tent with recent speculations on modifications of the conjecture. For example in [35,38]
it was proposed to allow small or vanishing first derivatives of the potential in regions
where the mass matrix has large negative eigenvalues. This is consistent with the Higgs
potential where at the maximum we have a large η slow-roll parameter.2 So with this
note we have not excluded a “quasi-de Sitter conjecture” that would prevent small 
and η slow-roll parameters for any point in moduli space with V > 0. Relatedly, a
milder conjecture was formulated in [51] (based on earlier work [52–54]) for which c
did not have to be constant but could depend on the value of the scalar potential.
The given absolute lower bound of c = V is not violated by the decoupled Higgs +
quintessence model.
In addition to testing its consequences, it is imperative to understand how the dS
swampland conjecture relates to concrete string models. Indeed, most constructions of
metastable de Sitter vacua are based on moduli stabilization (in AdS) and uplifting due
to a SUSY-breaking sector. Part of the uplift energy can be ascribed to loops of the non-
SUSY Standard Model – an effect much larger than the observed dark energy density.
Thus, in any case, a fine compensation between positive and negative energy terms
is required. This would still be true if our world was (very weakly) AdS. Now, if all
those moduli-stabilization/uplifting constructions were flawed due to some overlooked
instability or inconsistency of the 4d EFT approach, then one would not only lose dS
models but plausibly also all metastable non-SUSY AdS models with small |Λ|. It is
furthermore not obvious why a quintessence scalar with practically flat potential after
SUSY breaking, a feature not generally present in the string constructions mentioned
2The same holds for dS critical points constructed in classical type II flux compactifications [41,42].
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above, would help. This certainly calls for more work.
To conclude, one can interpret our results either as suggesting that the dS swamp-
land conjecture as stated in equation (1) is not correct, or as suggesting that the
conjecture is even more powerful than previously thought, possibly leading to exper-
imentally testable universal predictions, such as long-range scalar forces. In order to
settle this, the following two concrete key questions need to be addressed:
• What are the constraints on general 4d (super)gravity theories incorporating the
Standard Model + quintessence, such that the theoretical bound in equation (1)
is satisfied as well as observational bounds such as the one in equation (10)?
• Do suitable explicit string theory realizations of the Standard Model + quintessence
satisfy these constraints without excessive fine tuning?
We hope this note will serve as encouragement to make progress along these lines and
to ultimately answer these two questions.
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